It has been recently shown that inhomogeneity of a semiconductor heterostructure leads to increasing of sharpness of diffusion-junction and implanted-junction rectifiers, which are formed in the semiconductor heterostructure. It has been also shown that together with increasing of the sharpness, homogeneity of impurity distribution in doped area increases. The both effect could be increased by formation of an inhomogeneous distribution of temperature (for example, by laser annealing). Some conditions on correlation between inhomogeneities of the semiconductor heterostructure and temperature distribution have been considered. Annealing time has been optimized for pulse laser annealing.
Increasing performance and reliability of microelectronic devices and integrated circuits has attracted great interest recently. One way to increase performance of semiconductor devices is decreasing capacitance of p-n-junctions [1, 2] . The increase of homogeneity of dopant distribution in doped areas of a semiconductor structure allows to operate with higher current densities and to decrease local overheats or to decrease depth of p-n-junction [1] [2] [3] . Another actual problem is the increase of exactness of theoretical description of dynamics of technological process. The increase leads to higher predictability of dopant dynamics and, as following, higher reproducibility of parameters of solid state electronic devices.
Different types of technological processes could be used for production p-n-junctions (see, for example, [1] [2] [3] [4] [5] ). One of them is dopant diffusion into a semiconductor sample or in an epitaxial layer (EL). Another one is ion implantation in the same cases. In this paper we consider a semiconductor heterostructure (SH), which is presented in Fig. 1 . The SH consists of two layers. First of them is a substrate (a x  L) with diffusion coefficient D 2 , thickness L-a and known type of conductivity (n or p). The second layer of the SH is an EL (0 x  a) with diffusion coefficient D 1 and thickness a. Let us consider a dopant, which is implanted across the boundary x=0 into the EL to produce the opposite type of conductivity (p or n). At the time t=0 annealing of radiation defects is started with continuance . The annealing of radiation defects after production of the implanted-junction rectifier leads to a decrease of quantity of the defects and an increase of depth of the p-n-junction. The increasing is unwanted, because the process leads to deviation of characteristics implanted-junction rectifier from scheduled values. It has been recently shown, that inhomogeneity of a SH leads to increasing of sharpness of diffusion-junction (see, for example, [6, 7] ) and implanted-junction (see, for example, [8] ) rectifiers, which are formed in the SH. It has been also shown, that together with increasing of the sharpness homogeneity of dopant distribution in doped area increases. To increase the both effects heating of surface region (the thickness of the heated surface region is approximately equal to the thickness EL) of the SH attracting an interest. One way to produce the inhomogeneous distribution of temperature is pulse laser annealing. Another advantage of this type of annealing is local heating of the surface of the SH. The advantage is useful for production of elements of integrated circuits with decreasing spread of dopant across the interface of the SH. Some theoretical analysis of spatiotemporal distribution of temperature during laser annealing has been done in previous works. However, the analysis has been done in simplified limiting cases.
The main aim of the present paper is to determine the conditions, which correspond to increasing of recently detected effect, i.e. to increase of the sharpness of the p-n-junction and the homogeneity of impurity concentration in doped areas at the same time. The accompanying aim is to develop mathematical approaches for analysis of dopant redistribution during annealing by laser pulses.
Method of Solution
Spatiotemporal distribution of dopant concentration in the considered SH (see Fig. 1 ) has been described by the second
where C(x,t) is the spatiotemporal distribution of dopant 
Here V(x,t) and V * are spatiotemporal and equilibrium distributions of concentrations of vacancies. P(x,T) is the limit of solubility of dopant in SH. The fitting parameters ,  and  depend on properties of layers of SH. Parameter  characterizes degree of radiation damage of SH. Parameter  characterizes doping degree of SH. Parameter  usually is equal to an integer value in the interval   [1, 3] (see [2] ). In the following let us consider the limiting case, when the number of different complexes (for example, complexes of defects) is negligible in comparison with the number of point defects. Spatiotemporal distribution of vacancies concentration is described by the following system of equation [3] 
where I(x,t) and I * are the spatiotemporal and the equilibrium distributions of interstitials, respectively. [12] ,  and  are fitting parameters.
is the bulk density of heat power, which is allocated in MS. The power could be approximated by the function:
is Dirac -function,  is the continuance of the laser pulse, S is the lateral area of SH, and P 0 is the power of the laser pulse. J T (x,t) is spatiotemporal distribution of heat flow. The similar time dependence of power has been considered in [13] . However, the approximation considered in our work leads to simplification of analysis of mass and heat transport.
The Eqs. (1), (3) and (4) are complemented by the following boundary and initial conditions in the form
where T r is the equilibrium distribution of temperature, which coincides with room temperature.
First of all let us estimate spatiotemporal distribution of temperature. The parabolic equation has been transformed as
Let us determine the solution of the system Eqs. (6) by averaging functional corrections (see, for example, [14] .
Substitution of the average value of the functions  (x,t) ( = ,T;
 =I,V,L) and their partial derivatives in the right side of the Eqs.
(6) instead of the considered functions gives us possibility to obtained the first-order approximations  1 (x,t) of the functions  (x,t). To decrease steps of the iterative process, let us consider more accurate initial-order approximation (see, for example, [8] ).
As such approximation we consider the solutions of the equations of the system ( 
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where
Substitution of the Eqs. (7) into the right side of the equations of the system (6) instead of the functions  (x,t) gives us possibility to obtain the first-order approximations (in the modified method of averaging of function corrections) of the appropriate functions. The algorithm is presented in details in [8] and will not be considered in this paper. The second-order approximations of the functions  (x,t), by using the method of averaging of function corrections can be determined by using the standard procedure (see, for example, [8] ), i.e. one shall substitute the sums  2 + 1 (x,t) instead of the functions  (x,t) in the right side of the equations of the system (6). The substitution gives us possibility to obtained the second-order approximation of the functions  2 (x,t). The algorithm is presented in details in [8, 14] and will not be considered in this paper.
The parameter  2 is determined by the following relation [8, 14] , DOI:10.3786/nml.v2i4.p256-267 http://www.nmletters.org (1), (3) and (4) 
Discussion
Let us analyze the dynamics of redistribution of dopant in the SH (Fig. 1) for step-wise approximations of spatial distribution of diffusion coefficients of radiations defects and dopant and thermal diffusivity. In the case the approximations can be written as  
Conclusion
In this paper we consider pulse laser annealing of radiation defects to increase sharpness of implanted-junction rectifier in semiconductor heterostructure. With the increase of the sharpness, homogeneity of dopant distribution in doped area increases. We optimized continuance of laser pulse to obtain 
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